Urban flood control and disaster reduction program evaluation is a currently hot issue that involves complex multi-attribute evaluation process. Aiming at solving uncertain, incomplete and insistent information, this paper proposed an optimized GCA(Grey Correlation Analysis) method based on interval neutrosophic sets. Firstly, the positive and negative ideal program were calculated by using the algorithm and property of interval neutrosophic sets; secondly, gray correlation degrees based on interval neutrosophic sets were calculated to get the optimal program; thirdly, robustness test was used to verify the effectiveness of this optimized method , and finally, the validity and feasibility of the method are testified by empirical study in order to provide a reference for dynamic-group decision-making in urban flood control and disaster reduction program evaluations.
INTRODUCTION
The urban flood control and disaster reduction program evaluation has been paid much attention as an important measure to prevent flood and disaster in urban area. As a complex multi-attribute decision-making issue that it was, not only the socio-economic and environment aspects, but also the protection and utilization of water resource should be taken into consideration. Since there are too much subjective ambiguity and uncertainties exist in decision-making information, the decision process is difficult. Therefore, it is necessary to put the evaluation of programs in the first place. Related studies were few. Huang et al. (Huang et al., 2007) used analytic hierarchy process (AHP) to build an analytic hierarchy process model to evaluate urban flood control and disaster reduction program evaluations; Wu et.al (Wu et.al, 2008 ) constructed a projection index function of the projection pursuit evaluation model by using the principle of maximum information entropy and apply it to the evaluation of urban flood control and disaster reduction programs; Tang et al. (Tang et al., 2016) proposed an optimal complex system model based on the analysis of generalized correlation function which can represent the differences between indexes and programs ; Wu Du et al. Du Wu et al., 2015) established the index system from two aspects of flood control system and socio-economic system, and used ANP model to determine the weight of each index, and adopted MEA model to determine the correlation degree; Su Chao et, al (Su Chao et, al, 2011) used the least squares support vector machine with small sample to establish safety comprehensive evaluation model of urban flood control system; Liu et al. (Liu et al., 2009 ) proposed a grey-AHP model based on AHP and the grey system theory, to simplify the layout of multiple objective programming problem into a single-objective problem system.
As can be seen from the above, although multiple-criteria decision-making (MCDM) methods have provided effective methodology for urban flood control and disaster reduction program evaluation, problems still exist in the decision-making process, which will lead to the decline of accuracy of the decision-making results: firstly, unavoidable subjectivity and information uncertainties in decision-making process will lead to risks; secondly, the decision-making information is fuzzy, in another word, the information was in the grey system; thirdly, traditional methods require massive samples, however according to the characteristics of the evaluation itself, the number of samples could not meet with the requirements of the traditional methods. Thus according to the program evaluation, following requirements are needed: firstly, the impact of subjectivity should be minimized; secondly, the model can deal with small numbers of samples and poor information; and finally, the computational complexity should be minimized for better application in practice.
In this paper, the optimized Grey Correlation Analysis (GCA) model based on interval neutrosophic sets was proposed to make up the deficiency of traditional multi-attribute decision-making methods. The stability was verified by the robustness evaluation, and then an empirical study was performed to validate the feasibility and effectiveness of the optimized method in order to provide a reference for urban flood control and disaster reduction program evaluation.
OPTIMIZED GCA BASED ON INTERVAL NEUTROSOPHIC SETS

Advantages of Interval Neutrosophic Set
Traditional fuzzy sets focus only on membership degree yet the non-membership degree is neglected. Although the later proposed intuitionistic fuzzy sets and the interval intuitionistic fuzzy sets had added non-membership degrees to the fuzzy sets, they can only process incomplete information while the uncertain and inconsistent information are beyond the ability. In order to comprehensively process all kinds of information, Smarandache (Smarandache, 1999) proposed the neutrosophic number theory which focus on the hesitancy degree that intuitionistic fuzzy number had neglected, in comparison with intuitionistic fuzzy number, the neutrosophic number is more suitable for processing uncertain information. However, the single-valued neutrosophic sets use real numbers to represent the membership degree, non-membership degree and hesitancy degree which cannot better represent the ambiguity of information. Wang et al. (Wang et al., 2005) put forward the interval neutrosophic sets with interval number to represent the membership degree, non-membership degree and hesitancy degree in order to get more reliable results.
Up to the present, many multi-attribute decision-making methods have emerged, such as TOPISIS, VIKOR, ELECTRE, Grey Projection, etc. yet neither the real number nor the fuzzy number is as good as the interval neutrosophic number in describing the fuzzy decision-making information. Therefore, in this article, we take interval neutrosophic set as a basis to better deal with the problems which traditional MCDM methods have in urban flood control and disaster reduction programs evaluation.
Definition of Interval Neutrosophic Set
Suppose that 1 2 ( , ,..., )
were two interval neutrosophic sets, then we had the following operational rules (Samanlioglu, 2016):
(1)
Decision-making Process of the Optimized GCA Based on Interval Neutrosophic Sets
We combine interval neutrosophic sets with GCA to overcome the difficulties in processing complex, fuzzy and uncertain information in decision-making in order to get better application in practice GCA has been wildly used in MCDM, The basic principle is to determine the correlation degree of multiple factors based on the degree of similarity of the sequence curve geometry. If the geometric the sequence curves are close, the correlation degree will be relatively high. Otherwise, the correlation degree between low. The Specific process of the GCA based on interval neutrosophic sets is as follows:
(1) Collect group opinions Suppose that there were x experts in the group and the weight of the k th expert was k  . The score that
After scores given by x experts were collected, an expert group opinion matrix A was obtained by using a generalized weighted average operator (INULGWA) of interval neutrosophic sets, The element ij A in the matrix was calculated as follows:
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An expert group decision-making (EGDM) matrix was built: 
(2) Seek Positive and Negative Ideal Programs. According to the given decision matrix 
(3) Obtain the Gray Correlation Coefficient between th i program and the positive ideal program about the th j index. 
According to formula (5) 
(4) Obtain the Gray Correlation Coefficient between th i program and the negative ideal program about the th j index. 
According to formula (7), (a , a ) represented the resolution ratio. In general, (0,1)
 
; in order to make a clear measurement between the two values, let =0.5  . Therefore the Gray Correlation Coefficient matrix of every program and negative ideal program was built:
According to the positive ideal program coefficient matrix of ij   , the correlation coefficient vector between positive ideal program and itself was (1,1,…,1), thus the sum of the integrated correlation deviation between positive ideal program and program i A was:
Where, , then the correlation degrees between the program and the positive and negative ideal program were:
The higher the k i   was, meaning the closer the program i A was to the positive ideal program i   , and vice versa.
Suppose the superiority degree i d was the extent that program i A to the positive ideal program i   , the higher the i d was , the better the program was , and vice versa, then the formula of i d was built as follows:
Based on the binary comparison between programs, the final ranking between Programs can be obtained.
ROBUSTNESS EVALUATION OF OPTIMIZED GCA METHOD
Indexes of Robustness Evaluation
In order to verify the stability of the optimized GCA method, The Monte Carlo Simulation was used to compare the robustness of the optimized GCA method based on interval neutrosophic sets with typical GCA methods. Evaluation indexes include: optimal program consistency, program sorting rate, mean square error and mean absolute deviation.
(1) For a method of h , after K-times' simulation, the optimal program consistency was: 
The Robustness Evaluation Process
We chose traditional GCA method to compare with the optimized GCA based on interval neutrosophic sets for robustness comparison. The evaluation process included comparison of robustness when the number of programs and indexes change respectively.
(1) Comparison of robustness when the number of programs change. The average weight was taken when the number of programs changed from 2 to 15, compare each method with AHP and the optimal program consistency were presenting upward trends, indicating that the robustness of each method decreases with the increasing number of programs; according to the data, the robustness of optimized GCA was stronger than GCA.
(2) Comparison of robustness when the number of indexes change. Average weight was taken for each method when the number of indexes changed from 3 to 25. S were presenting upward trends, indicating that the robustness of each method decreased with the increasing number of indexes; according to the data, the robustness of optimized GCA was slightly stronger than GCA.
As can be seen from Figure 1 and Figure 2 , both of the optimized GCA and traditional GCA had the adaptability and flexibility to the environment, and the robustness of optimized GCA was stronger than traditional GCA when the number of the programs and indexes change, indicating that optimized GCA had good applicability for urban flood control and disaster reduction program evaluation.
EMPIRICAL STUDY
Five urban flood control and disaster reduction programs were selected as the program sets. Index system which involves flood control construction, material supply, technical support and early warning mechanism was constructed.
Decision-making process and results of optimized GCA based on interval neutrosophic sets were shown as follows:
(1) Build the EGDM matrix In this stage, a decision-making group composed of five experts scored each indicator of each Program respectively and then formed an expert opinionaire. Meanwhile, Delphi method was adopted to ensure independent scoring. After five rounds of scoring and feedback, expert opinions tended to be stable. On this basis, the generalized weighted average operator (Formula (1)) of interval neutrosophic sets was used, expert opinions were gathered and an EGDM matrix was built, as shown in Table 1 . (2) Seek Positive and Negative Ideal Programs. The Positive and Negative Ideal Programs were obtained using formula (3) and (4).
The Gray Correlation Coefficient matrix of every program and positive ideal program was built using (5) and (6) 
The Gray Correlation Coefficient matrix of every program and negative ideal program was built using (7) and (8) 
In this case, the weights were identical. Therefore the correlation degrees between the program and the positive and negative ideal program were calculated using formula (10) and (11) Based on the binary comparison between programs, the final ranking between Programs can be obtained:
CONCLUSION
This article firstly combined interval neutrosophic set theory with GCA method to build a new optimized evaluaiton method for urban flood control and disaster reduction programs to deal with existing deficiencies that traditional MCDM methods have such as unavoidable subjectivity, information uncertainties more effectively. By taking advantages of interval neutrosophic sets in presenting results and GCA method in strong practicability, it provided a feasible solution for uncertain decision information in the process of urban flood control and disaster reduction program evaluation.
Robustness evaluation was made to verify stability of currently wildly used typical GCA method and the optimal method. Optimal program consistency, program sorting rate, mean square error and mean absolute deviation were calculated under the conditions of number change in programs and indexes respectively. Results showed strong stability of optimized GCA based on interval neutrosophic sets, and compared to traditional GCA, it has stronger practicality in urban flood control and disaster reduction program evaluation.
Finally, an empirical study of was conducted to validate the feasibility and effectiveness of the new method. It can be seen from the study that the optimized GCA based on interval neutrosophic sets can not only do well with the information uncertainties, but also can simplify the calculation process. This optimized method was proved to have practicality and furthermore provide a reference for the urban flood control and disaster reduction program evaluations.
